Abstract-Mobile communication evolution from 2G, 3G to LTE shows a broadband and IP-oriented trend and the architecture of LTE backhaul network turns to be flat. In order to fit these new features, layer 3 routing technology has to be adopted in backhaul network and needs to be modified to fit it. In this paper, a new algorithm, named Self-Adaptive Genetic Algorithm (SAGA), is proposed to meet the demand of providing a highly efficient and QoS guaranteed routing scheme for LTE backhaul network. It can be used in Open Shortest Path First protocol (OSPF) as the core path selection algorithm. It is based on traditional genetic algorithm(GA) but improves the population initialization process in it as well as proposes a new fitness calculation function for it. Simulation verifies it can balance not only the traffic of network but also the load of MME pools, which improves the utility efficiency of the whole network.
I. INTRODUCTION
With the rapid growth of mobile communications, deployment and maintenance of mobile networks are becoming more and more complex, time consuming, and expensive. Also the pressures on the mobile backhaul network, which becomes a crucial part of the mobile network and links the Radio Access Network (RAN) and the mobile core network, will increase dramatically. More cost effective solutions for the backhaul are urgently needed [1] - [7] . In order to meet the requirements of network operators and service providers, the telecommunication industry and international standardization bodies have recently paid intensive attention to the research and development of SelfOrganizing Network(SON) [8] - [11] .
As a layer 3 routing technology, the Internet Protocol Multiprotocol Label Switching (IP/MPLS) is the most promising solution to realize self-organizing. The IP/MPLS control plane can take advantage of IP routing information, from sources like Intermediate System to Intermediate System (IS-IS), Open Shortest Path First (OSPF), and Border Gateway Protocol (BGP), thus simplifying connectivity establishment. Although, current deployments of IP/MPLS technology are mainly in core and metro aggregation networks [12] - [14] , IP/MPLS can also gradually be applied in the access part of the mobile backhaul network to reduce the operating costs and improve the resource availability.
In the IP/MPLS network, link state based routing protocols like OSPF and IS-IS, are widely deployed. The router which takes advantage of OSPF or IS-IS protocol computes a Shortest Path Tree (SPF) with itself as the root evolved from the network topology. The SPT can be constructed by well-known Dijkstra algorithm. Then, a routing table can be constructed on the SPT and points out a route with less cost to each destination in a routing area (e.g. an OSPF area) [15] - [18] .
However, the Dijkstra algorithm is based on the thought of local optimization, which can remarkably depress global performance of the network. For example, Dijkstra algorithm doesn't make full use of the network link resources. On the other hand, the LTE system allows many to many interface, called S1-flex, between enhanced eNB and core network node (access gateways, aGW). The pool area concept is also introduced such that a UE can be served by more than one mobility management entity (MME) in parallel and pool areas are also allowed to be overlapped. So the load-balancing of MMEs in a pool becomes a crucial and focused problem for routing algorithm.
Given the disadvantages of Dijkstra algorithm and the new features of LTE system, we propose a novel selfadaptive routing algorithm, named Self-Adaptive Genetic Algorithm (SAGA) in this paper. It is based on genetic algorithm [19] - [24] and can be utilized in OSPF. It can balance the traffic in the network as well as the load of MME servers efficiently.
The rest of this paper is organized as follows. In section 2, the application background of SAGA, new architecture and requirements of LTE backhaul network, is introduced. In section 3, SAGA is described in details. In section 4, the simulation and analysis are given. And finally the conclusion is drawn in section5.
II. NEW ARCHITECTURE AND REQUIREMENTS OF LTE BACKHAUL NETWORK
Architecture of LTE backhaul network is quite different from those of previous mobile systems. The variations include the following aspects.
The network turns to be all-IP based. All business is carried by IP. From the air interface to the transmission channel, every part is IP oriented. The original circuit switching center in EPC (Evoloved, Packet Core) has been canceled. The business of CS (Circuit Switched) domain is implemented in PS (packet switched) domain. All-IP based EPC supports various and unified access technologies including 3GPP and non-3GPP, to realize fixed and mobile convergence (FMC). EPC MME (Mobility Management Entity), SGW (gateway) and PGW (Packet Data Gateway) are the major functional entities in EPC. MME is primarily responsible for all control functions of the user and session management, which is equivalent to the control plane of SGSN in 2G/3G system. SGW is primarily responsible for the user plane data transfer, forwarding and routing, which is equivalent to the user plane of SGSN in 2G/3G system. PGW is the anchor of all external data network access, which acts as the function of GGSN in 2G/3G system.
The network turns to be flat. Main functions of RNC are moved to eNB. RNC and NodeB are merged into eNB. Core network is evolved to EPC. The purpose of using this flat structure is to simplify the network structure and reduce network latency. The new construction is shown in Fig.1 . Two new interfaces are introduced. One is flexible networking support S1 interface, so called S1-Flex. It is the interface between eNB and MME/SGW. In 2G/3G networks, RNC only can be connected to one core network element. But in LTE, the S1-Flex allows an eNB connect to a MME/SGW pool which is constructed by various MMEs/SGWs. By this means, load balancing and redundancy can be achieved. Another important change is the X2 interface, the distributed interface between adjacent eNBs. It is mainly used for mobility management (switching) and the adjacent cell interference suppression. As a result, LTE network turns to be more self-organizing and self-optimizing, which reduces complexity as well as installation and management costs of the network. After the change LTE mobile backhaul network is known as the Evolved Universal Terrestrial Radio Access Network (E-UTRAN), whose architecture is shown in Fig. 2 . From Fig. 2 , it can be seen S1 interface supports a many-to-many connection from MMEs/S-GWs to eNBs. From LTE business point of view, the transmission network provides multi-pointto-multipoint connections between the base stations and the core network elements.
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Since the S1-Flex is introduced, it is necessary to consider the load balancing among all of the network elements in the MME/SGW pool, which is shown in Fig.3 . Namely the device in the wireless side should be able to control user access the core network elements in the pool based on their load situation. Additionally, it should also need to consider how to switch the services of fault network element to other ones quickly and accurately in the case of the pool area network failure. Meanwhile, how to ensure existing services are not interrupted in case of overload and the device does not collapse due to overload and timely recovery from overload state should also be considered seriously. eNB S1-MME eNB MME POOL_2 MME POOL_1
Figure 3. MME pool
III. SELF-ADAPTIVE GENETIC ALGORITHM
A. Overview of SAGA In order to solve the load balancing problem of the nodes in MME pool as well as ensure the QoS requirements of network, a novel QoS routing algorithm which implements the load balancing function among MMEs is proposed here for LTE backhaul network. The algorithm is an improvement of genetic algorithm so that it has the merits of global optimal ability, fast convergence and strong robustness, which are the advantages of GA.
The routing algorithm is used in LTE backhaul network. In a MME pool, the MMEs have different IP addresses but the same content. When users want to register to the MME Pool, the algorithm is used for the new login user to select an appropriate MME server to attribute to.
For above scenario, there are two factors to be considered for the user to determine the server and select the routing path. In order to fully evaluate the pros and cons of the route, in the proposed algorithm, global system status information is collected by the link-state protocol and multi-objective optimization method is used, which means the indicator of path selection, such as delay, cost, as well as the indicator of server capability, such as load capacity or weight, are combined to determine the final selected path.
SAGA adopts a new fitness function other than traditional GA algorithm. Weight as well as load capacity of each MME in the MME Pool is involved into the calculation of the fitness function, which makes it meets the new requirement of load balancing in MME Pool.
Furthermore, in order to achieve better load balancing efficiency, a new method is use in SAGA to set the number of population in the stage of population initialization, in which the path from the source node to the target MME is established by the roulette combined with the weight or load capacity of each MME.
At the same time, the algorithm retains the advantages of the traditional genetic algorithm. It can find the optimal path under multi QoS constraints, make the path delay, the cost of performance indicators to be guaranteed, and improve the utilization of network resources.
B. Mathematic Model of SAGA
From the angle of graph theory, the LTE backhaul network can be denoted as follows:
where V={v 1 ，v 2, …,v n } is the set of routers and MMEs in the network, and E={ei,j|i  n, j  n} stands for the set of edges of the network. D i is a MME. G(D) is the set of MMEs in the pool. S i is a source router which requests services to any MME. G(S) is the set of routers requesting services. n is the number of routers and MME in the network. T is number of MMEs in the network. 
The core idea of the algorithm can be described as follows:
For the network ( , ) G V E  , find a path P from every router in the G(S) to any MME in G(D), which fulfill the constrains both of cost and delay simultaneously. It can be denoted with the following equations:
where D and C are the thresholds of delay and cost for the paths respectively.
C. Procedure of SAGA
The procedure of SAGA is based on the typical procedure of GA, which is shown in Fig.4 . 
1) Encoding
We adopt variable length of the node sequence encoding mechanism here. A path is encoded by listing up node IDs from the source router to the destination MME based on a topological database of a network, as shown in Fig. 5 . Each node stands for a router in the network. 
2) Population Initializing
Calculate the initial population for each MME according to the flow shown in Fig. 6 .
The number of population for each MME is calculated according to formula (5). WF is the weight of the ith MME, and _ Pop Size is the number of the whole population.
A path from source router to any member of MME pool is a chromosome. In order to find more chromosomes through global searching avoiding premature phenomenon and reduce the speed of convergence, random depth-first search algorithm is used here. The steps of depth-first search algorithm with weights are as follows:
Step1: Assign the weight (w) to each edge, w is initialized with the number of population: _ Pop Size ; set i=0;
Step2: Select a node v i which has the largest weight in the neighbors of source router;
Step3: Choose a node v i+1 with the largest weight in the neighbors of v i . If there are many neighbors with the same maximum weight value, chose one of these randomly. If v i+1 has been selected in this chromosome, do Step3 again;
Step4: If v i+1 is a MME node, then stop and let the weight of all edges of the path reduce 1; or i=i+1, continue Step3.
3) Fitness Function
Fitness function is the basis of the selection operation which directly affects the performance of the genetic algorithm. A new fitness function is defined here, which is a compromise approach and related to delay, packet loss rate and the MME weights. The fitness of each chromosome is calculated according to formula (6 
where
Cost and Delay represents the demanded performance indicator of the service.
 and  are adjustable value between 0.05 and 0.1.
4) Selection
The selection method of SAGA is an integration of the best individual preservation method and Roulette method. At first, it selects the chromosomes which have the largest fitness in the population directly to the new generation before crossover and mutant operation. Then it chooses the rest of chromosomes by Roulette method, which means that the probability of each selected chromosome is actually in proportion to the fitness. The larger the fitness, the bigger probability of chromosome will be selected with.
5) Crossover
As a result of unfixed length encoding mechanism, the single point crossover operation is used. The crossover operation steps are as following and an example is shown in Fig. 7 . Step1: Randomly choose two chromosomes in population, then find all same nodes in two chromosomes besides source point and destination node, and set up a set of common nodes ψ. The selected paths in Fig. 7 are S->N1->N2->N4->N5->D and S->N2->N3->N5->N6->N7->D. And their common nodes set is (3,2) and (5,4).
Step2: If ψ =Φ, the two chromosomes don't need to crossover.
Step3: If   , randomly select one node in the common nodes set as crossover point, and exchange the left part of the two paths after the crossover point. In Fig.  7 , the (3,2) is selected as crossover point and the new paths after crossover operation are S->N1->N2->N3->N5->N6->N7->D and S->N2->N4->N5 ->D separately.
Step4: Loop detection. If there is repeated node in the paths after crossover, remove the link between the repeated nodes. The crossover operation is ended.
6) Mutation
Mutation operation can maintain population diversity and avoid the process local optimum. The procedure of mutation operation is described as follows and shown in Fig. 8 .
Step1: Set mutation factor m P . Randomly choose a chromosome in the population set according to probability m P . Step2: Randomly select a random mutation point of the chromosome excluding the source node and destination node and find a path from the mutation point to any member of MME pool by using depth-first search algorithm. In Fig. 8 , the selected path is S->N2->N4->N5->D, the mutation point is N2, and the new path found is N2->N1->N3->D taking N2 as the start point.
Step3: Replace the old path after the mutation point with new path. The result in Fig. 8 is S->N2->N1->N3->D.
Step4: Loop detection. If there is repeated node in the paths after mutation, remove the link between the repeated nodes. The mutation operation is ended.
7) Loop Detection.
As shown in Fig. 9 , there may be loops after crossover or mutation operation. When a path has repeated node, then the path between the same nodes should be removed. The remaining nodes will constitute a new path. In Fig. 9 , there are two paths generated after cross operation. The path S->N2->N3->N1->N2->N4->D has a loop N2->N3->N1->N2. After loop detection, the loop is removed and the final path is S->N2 ->N4->D. 
IV. SIMULATION RESULTS AND ANALYSIS

A. Simulation Configuration
The network topology is randomly configured in the simulations, as shown in Fig. 10 . There are 13 nodes in the network. Some parameters are set as: Link delay generates ranging from [1, 10] randomly, the cost of the network generates ranging from [1, 10] randomly. These parameters are shown on the links in Fig. 10 , such as [cost, delay]. There are some other parameters which determine the performance of algorithm.
1) The parameter _ Pop Size is the number of chromosomes in population, and its value is set to 50. If the parameter is set too large, the time of running our algorithm increases drastically. On the contrary, if it is set too small, the algorithm tends to fall into local optima.
2) To reach convergence, the number of iterations is less than 20. In case of particular, Gen is set to 30.
3) Given the trade-off between performance and global optima, crossover probability c P is set as 0.5 and mutation probability 0.1 m P  .
4) MME in pool is:
MME MME MME  , the weights of these MMEs are 14
The simulation is divided into two parts. In each part, path of each router to MME pool is calculated respectively by using SAGA and Dijkstra algorithm. In first part, which is denoted as experiment 1, QoS is considered as the key point of Dijkstra algorithm. While in the other part, which is denoted as experiment 2, load balancing of MMEs is considered as the key point of Dijkstra algorithm.
B. Simulation Results and Analysis
In experiment 1, the path of each router to MME pool is achieved, which is shown in the following Table. 1. As expected, SAGA improves the balancing of MME load a lot. From Table. 1, it can be seen there are 2 paths to MME1 whose weight is 4, 3 paths to MME2 whose weight is 5, 5 paths to MME3 whose weight is 6. Also it can be seen that there is a positive correlation between the number of paths and the weight of MME, which verifies that SAGA effectively distributes the load of MME in pool.
The largest traffic and traffic variance comparison between the Dijkstra and SAGA algorithm are shown in Fig. 11 and Fig. 12 . It can be concluded that SAGA makes full use of links of the network by transferring traffic from busy links to some other idle links. > MME1  2  3  1-> MME1  2  3  2-> MME2  2  1  2-> MME2  2 In experiment2, the path of each router to MME pool is achieved, which is shown in the following Table. 2. And the largest traffic and traffic variance comparison between the Dijkstra and GA algorithm are shown in Fig.  13 and Fig. 14 . From Fig. 13 and Fig. 14 , it can be seen that when taking the weights of MMEs as the constraint of Dijkstra algorithm, the link traffics and traffic variances of Dijkstra algorithm and SAGA are similar to each other, even the traffic variance of Dijkstra algorithm seems a little better than SAGA. But from Table. 2, it can be seen that several links of Dijkstra algorithm have much larger link delay and cost than that of SAGA, which means under this situation, SAGA provides much better QoS guarantee for services.
Totally speaking, experiment1 and experiment 2 verify that SAGA can provide QoS guarantee as well as keep the load balancing among MMEs. 2->6->7-> MME3 In order to reduce the heavy burden of deployment and maintenance in mobile backhaul networks, layer 3 routing technology is adopted to realize self-organizing networks. In this paper, a novel self-adaptive routing algorithm based on Genetic Algorithm is proposed. It overcomes problem local optimization problem as well as meets the demand of load balancing in MME pool, which is asked by the new features and specifications of LTE SON. As a result, the QoS guarantee as well as load balancing of MMEs is provided, which is verified by simulations.
